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纯化得到产物，其产率为 62 - 96 %。  
本论文系统地合成了α-氨基亚膦酸酯 (A)，α-羟基亚膦酸酯 (B)，α-氨基亚膦
酸酯衍生物 (C) 和α-羟基亚膦酸酯衍生物 (D) 等 61 个含磷系列化合物，其中新化
合物 31 个，文献未报道的晶体结构 30 个。对它们的 1H NMR、13C NMR、31 P NMR、
质谱、红外、元素分析等化学谱图作详细表征。由于亚膦酸酯含有 P-C 键，论文采
用从头算法计算出α-羟基(氨基)亚膦酸酯的 1J CP自旋偶合常数，计算值 1Jcal和实验
值 1Jexp 基本一致，磷碳之间的一键偶合裂分常数 1J P-C在 154 - 168 Hz 之间。并用
X-ray 单晶衍射对所合成 30 个化合物的晶体结构进行详细解释，分别得到它们的晶
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ESI-MS 质谱研究发现了合成的α-氨基亚膦酸酯衍生物可以与 ATP 分子发生弱
相互作用，并形成 1:1 的非共价复合物。荧光光谱研究表明α-氨基亚膦酸酯衍生物
猝灭了 ATP 的荧光，猝灭过程是由于形成了非共价复合物而引起的静态猝灭。并且
通过分子动力学模拟方法——构象分析与分子对接，观察到化合物 C7 与 ATP 形成
两对氢键，一对是化合物的氨基作为氢键给体与 ATP γ 位磷上的氧形成氢键，另一
对是腺苷上的氨基作为氢键给体与化合物磷上的氧原子形成氢键。 



























α-Aminophosphonates, as phosphorus analogs of amino acids, and their derivatives 
had attracted much attention for their broad biological activities, such as herbicide, 
antibacterial, enzymatic inhibitor, antiviral and antitumor activitives. 
Pudovik reaction is a well known reaction for the synthesis of phosphorus ester 
containing a P-C bond by the addition of aldehyde to phosphonate. In this dissertation, a 
green chemistry method was tried by using 25 % aqueous ammonia as the base catalyst 
for the Pudovik reaction. The products were purified by silica gel column 
chromatography with the yields of 62 - 96 %. The merits of the reaction are the short 
path of synthesis, aqueous media substituted for the organic phase and easily purification 
procedure. 
The purified products include α-aminophosphonates (A), α-hydroxyphosphonates 
(B), the derivatives of α-amino phosphonates (C) and the derivatives of α-hydroxy 
phosphonates (D). Their structures were confirmed by elemental analysis, 1H NMR, 13C 
NMR, 31 P NMR, MS and IR. The compounds contained P-C bonding with the coupling 
constant 1J P-C 154 - 168 Hz, which is consistent with the calculated value. Their 
antibacterial and antitumor activities were tested in the experiments.  
The structures of thirty compounds were determined by X-ray diffractometer. Their 
crystal parameters such as the crystal system, space group, unit cell dimension (a ,b, c, α, 
β, γ), cell volume and limiting indices were obtained. And the structure information such 
as atomic coordinates, equivalent isotropic displacement parameters, bond lengths, bond 
angles, torsion angles, hydrogen bond and packing figures were collected.  
These synthesized phosphonate esters were investigated by positive ion 
electrospray ionization mass spectrometry (ESI-MS) in conjunction with tandem mass 
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rearrangement reactions, in which phosphoryl oxygen atom migrated to the carbonyl 
carbon and a cleavage occurred at the amide bond, or a benzyl amine fragment was lost 
and the phosphorus compound was reduced. However, when the methyl group 
substituted for the isopropyl group, these migrations were inhibited. A possible 
mechanism was proposed. And the high-resolution mass spectrum was also applied to 
identify the formula of these novel rearrange fragment ions. These results showed that 
ESI-MS is an useful tool for structural determination of phosphonate ester.  
The ESI-MS technique was also applied to study on the weak non-covalent 
interaction between ATP and α-aminophosphonates. In fluorescence experiment, the 
fluorescence intensity of ATP was quenched with the increasing concentration of 
α-aminophosphonates. Molecular modeling also provided the possible interaction 
model, namely, there are two pairs of hydrogen bond between them. 
Furthermore, optical active L-Proline was used as catalysis in Pudovik reaction. The 
reaction conditions were optimized in different solvent systems, bases, reacted 
temperature and reactant molar ratio. The enantioselectivity through the derivatives of 























缩写式 全  称 
[α] Optical rotation   旋光 
APCI Atomospheric Pressure Chemical Ionization 大气压化学电离 
AZT 3’-叠氮-3’-脱氧胸苷 
Boc t-butoxycarbonyl  叔丁氧羰基 
CID Cllision-induced dissociation  碰撞诱导解离 
COSY Correlated spectroscopy  相关谱 
δ Chemical shift  化学位移 
d Doublet  二重峰 
d4T 2’,3’-双脱氢-2’,3’-双脱氧胸苷 
DBU 1,5-diazabicyclo[5,4.0]undecen-5-ene 1,5-二氮杂二环[5,4.0]十一烯-5-邻二苯氯 
dd doublet of doublet  双二重峰 
DEAD diethyl azodicarboxylate 偶氮二羧酸乙酯 
DEPH diethyl phosphonate 二乙基亚磷酸酯 
DEPT Distortionless enhancement by polarlization transfer  无畸变极化转移增益实验 
DIPPH diisopropyl phosphonate 二异丙基亚磷酸酯 
DMF N，N-dimethylformamide  N，N-二甲基甲酰胺 
DMPH dimethyl phosphonate 二甲基亚磷酸酯 
DMSO Dimethyl sulfoxide 二甲亚砜 
EI Electron Impact Ionization 电子轰击电离 
ESI-MS Electrospray ionization mass spectrometry  电喷雾质谱 
FAB-MS Fast atom bombardment mass spectrometry 快原子轰击质谱 
FAB Fast Atom Bombardment 快原子轰击 
HMBC (1H-detected) heteronuclear multiple-bond correlation (检出 1H 的)异核多键相关
HSQC (1H-detected) heteronuclear sigle quantum correlation (检出 1H) 异核单量子相关
m Multiplet  多重峰 
MTT Methyl Thiazolytetrazolium  甲基四唑蓝（噻唑蓝） 
MALDI Matrix Assisted Laser Desorption/Ionization  基质辅助激光解吸电离 
pTSA p-toluenesulfonate  对甲苯磺酸 
PBS phosphate-buffered saline 磷酸缓冲液 
Raji 人 B 淋巴瘤 Raji 细胞 
t Triplet  三重峰 
TOF-MS Time of flight mass spectrometry  飞行时间质谱 
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